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U? PROPOSED OBJECTIVE 

The following objectives were proposed for our PIDDP investigation: 

1) Assemby of a spectrometer breadboard and testing of that 

Sicf ; n H° rPOrated 3 HYDICE focal P |ane and re-imaging 

The HYD^I e n l 6 r and ali f ed them ' us ' n 9 a helium neon laser, 
he H YD|C E foca! plane was then integrated with laboratory readout 

electronics. We then assembled and aligned the spectrometer optics 

and a reflective slit optic, using the helium neon laser. The HYDICE 

°f' plane and lab oratory readout electronics were used to measure 
the background levels associated with the reflective slit ontir an H 
substitution fold flat that allowed the focal plLne to viewle 

rrrTK CaV J ty - The rati0 of these measurements determines 
the level of background rejection attained with this novel desian 

ReSn 6 C ® tL A f ba< rT und Auction level of 3.8 was measured in 
f ° • P ane P0r1i0n wi,h the greatest sensitivity, 
the cow sZ of f T red ||ctio n in background from inclusion of 

bv a Wctor of J i h I background was reduced in intensity 
oy a factor of 8. Thus the objective of substantial reduction of the 

background level with the proposed design was achieved We also 
measured a polystyrene spectrum, to demonstrate the spectrometer 
operation over an extended spectral range stretching from the 
ultraviolet through the infrared. Again this objective 9 was achieved. 

2) Consultation with our Science Advisory Committee (SACf to 
structure program efforts to meet near term So™ System 

leTwtuT Rosetta n o ( S ED - ? SSi ° n objectives - Thesl consultations 
teo to our Rosetta Orbiter instrument proposal for a Cometarv 

Hyperspectral Imager (CHI) and a response to a Johns Hopkins 

Applied Physics Laboratory (APL) Request for Information (RFh for a 

hyperspectral imager for their Discovery Mission CONTOUR (Comet 

Nucleus Rendezvous Tour). The CHI proposal and CONTOUR RFI 

response referenced our PIDDP work. We therefore believe these 

consultations were successful and this objective was achieved. 

?SBR°rf anfth consultations with Santa Barbara Research Center 
(SBRC) and the science team to ascertain the utility of existing InSb 
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wlX e rTt m o in r^ h an? aSib ; ,ity ° f 

sssy sst* ,n ,h " — -« « -22. »« 

2.Q REQUIREMENTS d efinition 

The requirements for the breadboard design were chosen as 

1 s40 ° nm ’° x s 5000 nm **" * *w 

Compact design for low volume and weight; 

Excellent image quality/optical performance; 

3.0 IMPLEMENTATION AND TRADE-OFFS 

Design for decreased backgound is extremelv imnnrton* c 
spectrometer with a multi-octave spectr^ranae fHYni cf l ® P " Sm 

traisctoiy. Cone., J,* 

£] 25 -y 2 rsr csra*=Lssj2 , s^ g.’sa.— 

from instrumental thermal background. For orbits ahont ! 

; h t e 9as 9iant r 

AU* and'fhT 3 ' l0ading fTOm the SUn is low ’ due to ? distance 6 >°5 b 2 
instrumental ^eU^ST^ 

te mp^rat u res' cal lov^? b “ 

apparent temperature of the planet itself. For example, Mars has an 
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apparent temperature of PP 4 'zw- « * 

PIDDP proposal indicated the instruminf run durin 9 the 

The situation becomes worse as we npt ( ? 0U d be cooled to 220K 
Planetary apparent temperatures bLol ^ t0 the Sun ’ as 
ook at the problem is thermodvnamireih ^L mer ' Another way to 
instrument, with a large view factoT m > relative, V large 
naturally want to come into radiative tho 6 p,anetar y fi mb, will 
Planet (the same holds for the soarerroff^ 3 edu,,ibr »um with that 

“• » law a,f, 6re „ tl ","‘wee r “ f„"rf , h ™ 

can b« r„„ v. raus the much la,g“imem. ,0ca ' >*“» 

The solution proposed in our orioinal Pinnc k 

configure the slit as a reflectivp 9 ™ L P DP basel,ne was to 

pupil through a cryogenic surface ("cold ston-fV^ *° reima 9 e ‘he 
of view would then be restricted to the nnt- ’ ® focal P |ane field 

low emissivity and small solid angle « ° ^ with its relatively 

spectrometer cvtty, wh.c , s mol,"', °> the 

s°zTrrZ ^,p: p , , r l r“ , r■ o, me 

could either emulate HYDICE and make " 1entat,on of the slit. We 
thinned plate of silicon, or deve^oo if on t h m,Cr0lith ° 9raphic slit °n a 
The second trade-off concerned the coW SUrface of a «eld lens. 

implemented in a refractive lenTaSl^ 9 ’ Wh,ch could be 
mirrors. ens assembly or reflectively with 


and associated ris^* The C H°YmcE a srf nade ° n th ® basis of feasibilit; 
Plate thickness to . 3 pm necessita the si 
the HYDICE system. Because of HYnirp- b / the hlgb speed (f#=3) of 
slit must be extremely thin to avoid > ■ S ° r PH, S ) high speed, the 
of focus. Such extreme thinning was dL " 9 fr ° m the sma " deptf 
£ implement on a torroidal surface “ 0 ? lynirp 9 ..' 0 be ver * diff icult 
microlithographical slit was produced via I the 
.tjas^etermined this 

to be relativel^slmp^e. The 1? coulTbe^, S ^ aces was determined 
with an appropriate thin metallic coatinn^h^ 069 ° n a lens surf ace 
requirements for dimensional accuracv dJ^ W ° Uld meet 
foreoptics side), and low emissivitv Lm 1 ’ ° Pacity (from the 
The drawback, common „ ffeld V re ( „, £ 
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surface imperfections being reimaged 
potential for stray light from ghosts 
reflections. 


upon the focal plane, and the 
generated by internal 


For the refractive versus reflective onh 

1) The number of refractive materials available to cover a 

SSSSJSi-S-;. 

rs„ 

f«i2~ HYDICE, where the dominant stray light came from 

tolerances on the reflective optics and diffraction 

wLL hr b^ 9 = h 22% ,OSS6S ,r ° m ,he ant *‘ re,le °tion coating inefficiency 


4) The lens system is sensitive 
decenters, and despace. 


to misalignments such as tilts, 


The alternative solution would be a reflective cnh.tinn 
range^with 3 m i nor TmpL? o^Ttrly 9 Nghl Teve^s. 9 ^ * ' ar9e Spe ° tral 

th. cow pupil located on me small spire™! ‘aafTtZ"^' 

== s ,s*s q =-^^ rsrSr™ 

•» * sxtjsrs. 
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FiGUREI - REFLECTIVE SOLUTION TO GENERATE COLD STOP 



Re lay Primary Mirror 


H 


srr a ™ ,he -»«■«. 

overcoats for the mirror* * , th ma 9 nes| um flouride 

33o /o . For the we." n '!2ZX ietSS ^ 1 3 °° "" ° f ' 
nm, the loss in throughput is 39% i lQin ® l : ty of alum 'num at 850 
the three reflections would produce /! !",? S “ Ver COa,in 9 3 ' 
visible and infrared, but the' ultraviole S'be los't V h ° % 
for implementation would be = i ib. ost - Th we '9 ht 

p,ism « * 

minimize J! m , ,£°Z “ , 

dispersion the prism can supply, the shorter ?h! . h gular 

to achieve the reauired linear Hior^ • horter the instrument can be 
weight. Going to a“amer nri« m 1 P S, ° n ' decreasin 9 size and 
decrease instrument weigh' The 'weiohf 9 ^ ? enerally does not help 
instrument length is oST'bJ^^^f" ,0 da creased 
prism due to its larger base- the no^mo® L the wei 9ht of the 
element of the instrument The disDeminn ° the dominant weight 
materials is graphed in Figure 2a I'd 2b The^f 61 ° f PriSm 
magnesium flouride and calcium Th dls P ers,on s of 

Mrs sr-si • ~ r /-« p r ,n3 

CoS?? ast- 

dispersion to saonhirp in tL x 0f 4 to 10 )- comparable 

nm, and lower dispersions in th^'in'fraredlfacto 15 ?° 1 " m t0 2500 
more uniform dispersion of saolhire ?* i * ° f 15 t0 2 >' The 

zirconia's transmission is confilld to ho ar9 ® r spectral ran 9e (cubic 
5000 nm), its higher dispeSn "n the ilfrer^ 3 ^!?' 0 " 4 °° nm t0 
identifying mineral absorptions led us m h d . Wh ' Ch IS use,ul for 
the PIDDP prism. The exIerteH c JL. , basel,ne this material for 

prism coupled to our HYDICE focal ni ^ resolu,ion XlAX of a sapphire 
spectra, range 3 0 S” .T»» “ P ' 8 ™ ' S sh ~" 3 tor me 

The breadboard concept of Fiaure 4 wao 

To fit the focal plane and reflective relav ®' gned . t0 test the concept, 
dewar, some folding of the beam wa« „ ® y P,CS lnt0 an available 
4. me optica, penormaico ofme” raaab?ara"l " Sh °" n F ' 9 “"> 
shown by the spot diagram of Fiaure 5 >1? ^ ls excellent , as 
Pew.,, me optica, mate,, e h0S e„' t0 ^ me 
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FIGURE OB - DISPERSION OF PRISM MATERIAL CANDIDATES 
VISIBLE THROUGH INFRARED 







Spectral Resolution 






FIGURE H PIDDP 



READBOARD CONCEPT 


; nsm 


5oectrornete r 

Corrector 


Dewar 



FIGURE F- SPOT DIAGRAM FOR PIDDP BREADBOARD SPECIROME I Eli 
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expansion glass), while the mounting material was chosen to be 
invar because of the extremely good CTE match between the 
materials to LN2 temperatures (Figure 6). The cold invar mounting 
cylinder provides excellent stray light control. It was decided to 
coat the sides of the prism with an anti- reflection coating, since 
the effective emissivity of the prism would be * 12% otherwise, and 
could mask the effective background reduction we expect to 
demonstrate. 

4.0 FOCAL PLANE CONSIDERATIONS 

At the Division of Planetary Sciences (DPS) meeting (October, 1996), 

1 met with Drs. James Bell and Roger Clark. While they were 
generally supportive of the PIDDP effort and goals, a desire for 
increased spectral resolution was expressed. Dr. Clark believed that 
an increase in spectral resolution of the baseline PIDDP by a factor 
of two would yield a much improved science return. Important 
spectral bands that would be barely resolved with the baseline 
PIDDP would be adequately resolved and sampled with a resolution 
improvement of a factor of two. Table 1 (Courtesy of Dr. Bell), a 
compilation of important spectral bands for ice recognition, is of 
value for comets and for planetary gas giant moons. It provides an 
illustration of this consideration. According to Dr. Clark, when at 
least two spectral resolution elements covers the FWHM of a 
species, the SNR required to detect that species is much reduced. 

This more than compensates for the halving of the signal incident on 
each spectral pixel due to spreading the available signal over two 
pixels rather than a single pixel. Thus 400 spectral pixels would be 
desired, in contrast to the 210 pixels currently available with the 
HYD1CE focal plane. Table 1 indicates the higher spectral resolution 
focal plane would provide four times the science return of the PIDDP 
focal plane. 

As part of our PIDDP proposal we stated we would ascertain the 
utility of existing InSb focal planes for SSED missions. Table 2 
summarizes the existing state of the art of existing SBRC InSb focal 
planes that could be relevant to the hyperspectral application. The 
first three focal planes were developed for low background, 
astronomical observations. As such they are low well depth (« 
200,000 electrons), but have low noise, achieved in part by 
relatively slow readout rates. Their worst fundamental limitation is 
their low dynamic range. An observation of a solar type spectrum in 
reflection over a PIDDP type spectral range (300 nm - 5000 nm) 
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Table 1 Characteristic Vibrational Bands for 

Potential Ices and 

Oraanics - Doubling the Baseline PIDDP Resolution Vastly Improves 

the Capability for 

Material Identification 



Soecies Band Center FWHM 

PIDDP 

PIDDP 

Doubled 

Doubled Res 

(nm) 

(nm) 

Resolution (nm) 

Adequacy 

Resolution (nm) 

Adequacy 

12 CO 4672 

24 

18 


9 

Y 

2360 

8 

39 


20 


13 CO 4785 

20 

18 


9 

Y 

X(CN) 4619 

50 

18 

Y 

9 

Y 

C-D 4350 - 4650 

60 

18 

Y 

9 

Y 

Stretch 






12 CO 2 4274 

60 

20 

Y 

10 

Y 

2070 

6 

44 


22 


2010 

6 

45 


23 


1 3 CO 2 4386 

17 

19 


10 

Y 

N 2 4296 

5 

19 


10 


2147 

23 

42 


21 


HCOOH 3344 

25 

26 


13 

Y 

Formaldehyde3466 






3540 






POM 3380 

29 

26 


13 

Y 

Polyoxymethylene3430 

35 

26 


13 

Y 

3590 

32 

26 


1 3 

Y 

HMT 3390 

23 

26 


13 

Y 

Hexamethylene-3420 

23 

26 


13 

Y 

tetramine 3480 

24 

26 


13 

Y 

Methanol 2540 

18 

25 


12 


2273 

41 

40 


20 

Y 

Microdiamonds 3472 

90 

25 

Y 

12 

Y 



C lo 






Species Band Center 

FWHM 

PIDDP 

PIDDP 

Doubled 

Doubled Res 


(nm) 

(nm) 

Resolution (nm) 

Adequacy 

Resolution (nm) 

Adequacy 

Aliphatics 

3384 

22 

26 


13 

Y 

Aromatics 

3279 

22 

26 


13 

Y 

O-H Stretch 

3100 280 

29 

Y 

1 5 

Y 

Dangling OH 2714 

11 

33 


1 7 


N-H Stretch 

2963 

40 

31 


16 

Y 

H2 

2416 

6 

38 


1 9 


CH4 

2370 

14 

38 


19 



2320 

32 

39 


1 9 

Y 


2200 

17 

41 


20 
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Table 2 - Candidate InSb Focal Planes 


Focal Plane 

Well Depth(s) 

Noise(s) 

Size 

Int. Time 

Dynamic 

Outputs 


(electrons) 

(electrons) (pixels) 

(msec) 

Range 


Astronomy 

200,000 

50 

256 x 256 

> 50 

4000 

1 

Aladdin 

200,000 

25 

512 x 512 

£ 50 

8000 

8 

Quadrant 







Aladdin 

200,000 

25 

512 X 512 

£ 50 

8000 

32 

TV Format 

5,600,000 

1200 

640 X 480 

£ 9 

4700 

2 

HYDICE 

11,000,000 

1100 

320 X 210 

> 9 

41000 

2 

(PIDDP) 

6,600,000 

670 






2,200,000 

270 





S-092 

2,000,000 

120 

320 X 210 

£ 1 

33000 

1 6 


900,000 

90 






200,000 

60 






G l 



requires a dynamic range in excess of 40000. Otherwise when 
allowing the spectral distribution at the solar Deak in tho -ki 

the C | h |t maX '| 1 \ Um WeH d6pth at maximunl reflectance, the signal in ° 
th© ultraviolet may b© onlv several tontho 9 n 

depth (~ 600 photoelectrons), producing a SNR of ^lo .^IternatNelv 
if we integrate for a long time period to get adequate SNR in thp ^ 
u toMet. w, „ouM saturate tea foca 9 pta „. TTe M," i?mon 
the spectrum. Other important limitations are the relatively lonn 
TZ VT, ° Ut ,he array which *» excessi^foTE 0 r 9 
associated wt e h rr ^hl na n P ' an f tS ' and the ,ar 9® number of outputs 

=£ th ^ r stjsl r ip,e 

mission goals for power and weight. The fourth entry is a focal plane 

n?LTV eSI9n6d ,0r hi9h Signal applications in an interlaced 
ormat. Its major attribute is its large number of pixels Aaain its 
dynamic range is inadequate for hypenspectral applications ’ 

The HYDICE focal plane, designed as it was for parth rar^+o „ 

STT K* P|1 “ ca,k>ns ' tes im' ZiTZSZZ 

pointed out above, its spectral resolution does not provide ootimai 
“““ “»"•»». of Its .am, remote sensTo own Ts 

T&r srs Ev 

Bii'r 

associated' with" hStjTatiaT rlsoilt i'oT mJpping^rom ^ ‘earthTrSt o® 

adequate SNR in the ultraviolet. Moreover ts I a rn7n„lr , 
outputs implies multiple electronics boards that would be F ° 
inconsistent with Discovery mission oopIq fr\r . 

CTIAs also dissipate much more Jower thin the direct in^f 1 ' The 

= as ss rn zz r arts. r 
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with Dr. Alan Hoffman of SBRC. Dr. Hoffman is the Program Manager 
for SBRC astronomical focal plane arrays and an expert on InSb focal 
planes. The fourth segment is not seen as having any significant 
impact on the multiplexer yields. The 400 spectral rows are 
compatible with the field size of the Ultratech Stepper used to 
produce the multiplexer. Because focal plane power dissipation is 
overwhelmingly (95%) dominated by the readout rate through the 
output amplifiers for the direct injection focal plane, the doubling 
of the number of spectral rows will not affect the ability to cool the 
focal plane with a passive cryoradiator. 

In conclusion, a focal plane with twice as many spectral rows with a 
region optimized for ultraviolet spectral imaging is feasible. I 
would recommend NASA consider sponsoring the development of such 
a focal plane. 

5.0 BREAD BOARD ASSEMBLY AND. RESULTS 

The integration of the optics into the breadboard assembly began 
with the dewar optics, in Figure 7, we show the invar assembly with 
the two fold flats and relay secondary mirror in place. The incident 
ray bundle enters the assembly through a hole in the invar shell on 
the right and is reflected off a fold flat to the relay primary mirror 
(not shown) at the top of the assembly. The primary mirror reflects 
the light to the relay secondary mirror (center), a pupil that acts as 
the optical system's cold stop. The secondary then reflects the light 
upwards once again to the relay primary. The relay primary then 
reflects the light to the fold flat (left) and out the hole in the invar 
shell on the left to the focal plane assembly, where it comes to a 
focus on the InSb focal plane. 

The relay primary mirror was then assembled into its position at 
the top of the invar assembly. In Figure 8 we show the invar 
assembly in its position on top of the dewar cold plate, next to the 
dewar outer shell. Note the sapphire window in the dewar outer 
shell, through which light enters the invar dewar assembly (through 
the hole in the left of the assembly as shown in this picture). When 
the dewar outer shell is in place, the dewar assembly is inverted and 
liquid nitrogen brings the entire invar assembly, including the InSb 
focal plane, to its operating temperature of 80K. 
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Figure 7 


Internal View of Invar Assembly with 
Optics In Place 




The focal plane assembly is at the left. The secondary mirror, 


page 8a 


where the cold stop is located, is in the assembly center, with 
fold flats needed for the compact packaging on either side. 
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The prism was anti-reflection coated with magnesium fluoride. As 
noted earlier it was judged important to do this to keep the overall 
background at a low level. A theoretical coating model indicated an 
average throughput for the prism in a single pass of 0.92 could be * 
realized (Figure 9); the fall off toward 5 pm is due to internal 
absorption by the sapphire. An uncoated prism would have losses of 
>12% in single pass due to Fresnel reflection, and indeed losses of 
15% were measured on the uncoated witness sample (Figure 10). The 
science team had expressed some skepticism as to whether the 
prism anti-reflection coating could in fact provide this level of 
transmission over the 3.5 octaves of spectral range. Measurements 
(Figure 11a) of the coated witness sample indicates that 
performance in the visible was better than the model prediction; 
performance in the infrared (Figure 11b) was in general agreement 
with the model, but was somewhat worse in some spectral regions. 
Around 2.9 pm the throughput is - 5% lower than predictions in an 
interference ripple; beyond 4.4 pm the spectral transmission 
declined faster than predicted, due apparently to greater internal 
absorption by the sapphire than had been predicted. 

A preliminary alignment of the prism into the spectrometer was 
performed to verify the system did indeed work as a spectrometer. 
The focal plane was taken down to temperature to verify that it was 
optically active and that signals from the focal plane could be 
processed with the Amber test station. The toroidal slit (Figure 12) 
was incorporated into the spectrometer. A helium-neon laser (633 
nm) was used to complete the spectrometer alignment, placing the 
beam onto row 29 of the focal plane. The breadboard alignment was 
found to be sensistive to relative motions of the spectrometer 
corrector and the dewar. Corrector motions produced astigmatism, 
spreading the beam in the spatial direction. Motions of the dewar 
produced defocus and a symmetric spreading of the beam. Alignment 
was completed to focus the laser to a spot, completing the 
breadboard (Figure 13). 

The thermal infrared background was measured as described in 
section 1.6. 2. 4 of our original PIDDP proposal. The spectrometer 
background was integrated for 60 useconds and the focal plane 
voltages were readout. This was done for a hundred frames and the 
voltages from the different frames were averaged. A fold flat was 
then inserted in front of the toroidal slit so that the spectrometer 
wall was viewed in stead of the slit. The background was then 
integrated for 60 pseconds. This was done for a hundred frames and 
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Prism Transmission 


Sapphire Prism 









Figure 12 PIDDP Toroidal Slit 







the voltages from the different frames were averaged. A large bias 
offset was evident in the readout voltages from both integrations. It 
was felt subtraction of a frame of a short integration time, 
averaged over a large number of frames to reduce noise, would alio w 
the bias offset to be removed while having minimal effect on the 
spectrometer background data. Consequently a separate set of a 
hundred frames each of 10 ^seconds duration were taken with the 
fold flat removed. These voltages were then averaged and the results 
subtracted from the above background frames. The resulting 
background voltages from the data are displayed in Figure 14. Note 
that the three different regions of the HYDICE focal plane are 
evident in the data. These regions correspond to three different well 
depths, output amplifier gains, and noise levels. The reduction of 
background levels when the toroidal slit is utilized is evident. We 
then ratioed the voltages from the background when the dewar 
viewed the spectrometer wail to the background from the toroidal 
slit. Ideally we would expect the gains associated with the three 
different focal plane regions to cancel, so that a constant reduction 
factor would be measured across the focal plane. We would expect 
this ratio to be the ratio of unity (the spectrometer wall should act 
as part of a blackbody) to the emissivity of the optical train. The 
expected emissivity of the optical train can be estimated by 
estimating the emissivity of the prism and each of the five 
reflections (toroidal slit, fold flat, prism in double pass, 
spectrometer corrector, spectrometer primary (twice)). We do not 
have spectral reflectivity measurements for each mirror; however 
the reflectity of these clean optical surfaces should be between 97% 
and 99% in the infrared, implying the five optical surfaces should 
contribute an emissivity between 5% and 15%. The prism, based on 
its transmission measurements, should have an emissivity of = 10% 
in double pass. Consequently the optical train emissivity should be 
between 15% and 25%, implying a background reduction ratio 
between 4 and 7. 

While we expected the background reduction ratios for the three 
different regions to be the same, they were found to be different 
(Figure 15). For region C the background reduction ratio was found to 
be 3.8 ± 0.2, for region B it was found to be 6.0 ± 0.3, and for Region 
A it was found to be 11.2 ± 2.7. These results are consistent with 
our expected range for background reduction of between 4 and 7. 
While region A, because of its high noise, is consistent with the 
results of the other two regions, the background reduction in Region 
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Figure 15 Background Reduction Factors 
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B is significantly different (5.5a) from that for region C. We do not 
have an explanation for this significant difference. 


In addition to the background reduction provided by the toroidal slit, 
we expect the cold stop of the reflective relay to also significantly 
reduce background relative to the original HYDICE configuration The 
HYDICE focal plane had a view of the spectrometer cavity of 0.36 sr. 

For PIDDP this view is reduced to the 0.087 sr view of the f/3 beam. 
Consequently from the cold stop geometry alone, we should observe 
„ 4 1 background reduction in PIDDP relative to a HYDICE viewing a 
background out to the InSb cut-off. Of course we do not have 
measurements of a HYDICE design spectrometer working out to the 
InSb cut-off (HYDICE has a cold filter to restrict the background to 
2 5 urn) But we can calculate the background a pixel subtending a 
0 36 sr ' solid angle viewing a 23°C spectrometer to the InSb cut-off 
would observe in a 60 gsecond integration time. A thermal 
background integration indicated 2.24 million electrons would be 
observed. Given measured HYDICE gain factors of 1.1 gV eec ron for 
Reqion C, of 0.43 pV/electron for Region B, and 0.25 uV/electron for 
Reqion A, we would expect to measure 2.46 volts for Region C, 0.95 
volts for region B, and 0.57 volts for Region A. We would expect our 
measurements of the spectrometer wall to be a factor of 4.1 less 
than these measurements, due to our cold stop. In fact, as Figure 14 
indicates, we measured Region C at 1.13 volts, Region B at • 
volts and Region A at 0.409 volts. This is a factor of only 2.2 less 
for Reqion C, 1.7 for Region B, and 1.4 for Region A than the 
background levels we would expect from a HYDICE with no cold stop. 

It is difficult to say why the cold stop did not perform to ’ °^r 
expectations, it is possible that the gain factors for this HYDICE 
focal plane reject are substantially different from those of the 
original HYDICE focal plane. It seems unlikely that there could be 
sneak paths to the focal plane around the cold stop that would 
increase the measured background, although further testing would be 
required to rule it out. It is also possible the invar assembly within 
the dewar is not well coupled in a thermally conductive manner to 
the cold plate. In that case the cold pupil would not get 
crvoqenically cold. A temperature of -50°C (rather than the < -170 C 
expected) would explain the obsen/ed difference. Measurements with 
added thermistors would be required to rule this possibility out. 


The total background reduction achieved with the PIDDP breadboard 
is the product of the measured reductions with the toroidal slit and 
the calculated reduction from the cold stop. This is (3.8 2.2) - 8. 



for Region C, (1.7*6) =10.2 for Region B and (1.4*1 1^.2)- 15.7 for 
Reaion A Thus the combination of toroidal slit and cold stop 
indicate background levels a factor of 8 to 10 less ' han w “ * e 
believe a comparable HYDICE design would have produced. While we 
had hoped for a factor of 20 reduction in background from the PIDDP 
design (original PIDDP proposal, page 7), a factor of 8 reduction 
would be sufficient for many applications. 

A spectrum of a polystyrene was taken by inserting a polystyrene 
filter in front of the toroidal slit and shining an incandescent lamp 
through the spectrometer. A series of a hyndred frames, each of 10 
psecond integration were taken and averaged. A set of a hundre 
frames each of 10 pseconds duration were taken with the 
polystyrene filter removed. This continuum was then averaged and 
the results subtracted from the polystyrene spectrum frames 
averaqe Each spectral row, consisting of 160 spatial columns, was 
then averaged. This produced an absorption spectrum for the 
polystyrene. The standard spectrum for polystyrene is displayed in 
Figure 16; the spectrum taken by the PIDDP spectrometer is shown 
in Fiqure 17. Gain corrections have been applied to the three 
different focal plane spectral regions to generate this spectrum 
Note that the spectrum falls off in intensity after 4200 ran due to 
the decrease in the spahire prism transmission (Figure 11b). Because 
the PIDDP breadboard spectrometer has an average spectral 
resolution of 22 nm the spectrum of Figure 17 is smoothed out 
relative to that of Figure 16. Note that the spectrum taken with the 
PIDDP breadboard spans 450 nm to 4950 nm, the ultravio e o 
infrared, 3.4 spectral octaves. (HYDICE covered < 2.5 spectral 

octaves). 


6.0 CONCLUSIONS 

All the objectives of the PIDDP breadboard were achieved. 
Substantial thermal background reduction relative to the HYDlOt 
hyperspectral imager design was successfully demonstrated 
Successful spectrometer operation from the ultraviolet to the 
infrared was demonstrated. 
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